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Case Report Rapport de cas

Thoracoscopic correction of a congenital persistent right aortic arch in a 
young cat 

Rhea Plesman, Matthew Johnson, Sarah Rurak, Barbara Ambrose, Cindy Shmon

Abstract — A 9-week-old kitten was diagnosed with a congenital vascular ring anomaly by means of an esophageal 
contrast study. At 6 mo of age, a non-selective vascular study was used to diagnose a persistent right aortic arch 
(PRAA). Left-sided thoracoscopic surgery was performed, using a Liga-Sure vessel sealant device to seal and transect 
the ligamentum arteriosum. 

Résumé — Correction par thoracoscopie d’une crosse aortique droite congénitale persistante chez un 
jeune chat. Un chaton âgé de 9 semaines a été diagnostiqué avec une anomalie congénitale d’anneau vasculaire à 
l’aide d’un examen œsophagien en contraste. À l’âge de 6 mois, une étude vasculaire non sélective a été utilisée 
pour diagnostiquer une crosse aortique droite persistante (PRAA). Une chirurgie par thorascopie du côté gauche 
a été réalisée à l’aide d’un dispositif de scellage des vaisseaux Liga-Sure pour sceller et couper transversalement le 
ligamentum arteriosum.

(Traduit par Isabelle Vallières)
Can Vet J 2011;52:1123–1128

V ascular ring anomalies (VRA) result from abnormal differ-
entiation of embryonic aortic arches into the great vessels 

(1,2). Several types of VRAs can occur; however, persistent right 
aortic arch (PRAA) is the most common cause of congenital 
esophageal dilation in dogs and cats (1,3). This anomaly follows 
development of the aorta from the embryonic right 4th aortic 
arch, rather than the left 4th aortic arch (2–4). The esophagus 
becomes entrapped between the ligamentum arteriosum (LA) 
dorsally, pulmonary artery on the left, aorta on the right and 
the heart ventrally (1–4). Esophageal constriction and proximal 
dilation of the esophagus result (1–4). Clinical symptoms may 
include stunted growth despite polyphagia, postprandial regur-
gitation soon after weaning, and repeated episodes of aspiration 
pneumonia (1,3,5,6). Diagnosis of a VRA is achieved by barium 
contrast radiography. If the animal has a PRAA, radiographs 
will show variable dilation of the esophagus proximal to an 
esophageal constriction at the base of the heart (3,7,8). Usually, 
maximal dilation is observed in the cranial mediastinal area (3). 
Angiocardiography is often required for definitive diagnosis of 

a PRAA, but in some cases, the diagnosis can only be made 
by surgical exploration (3,5,6). This report describes the pre-
surgical management of a kitten with a PRAA, its thoracoscopic 
correction, and successful outcome. 

Case description
A 9-week-old female kitten was evaluated for a suspected vas-
cular ring anomaly. Upon physical examination, the kitten was 
small for her age, weighed 0.36 kg, and had vital parameters that 
were within normal ranges. Cardiopulmonary auscultation did 
not identify any abnormalities. An esophageal contrast study, 
performed by the referring veterinarian, showed esophageal 
dilatation cranial to the heart base (Figure 1). Pneumonia was 
not observed. Regurgitation had been controlled with upright 
feedings of liquid gruel every 2 h. The kitten was vaccinated 
for feline viral rhinotracheitis, calicivirus, and panleukopenia 
(FVRCP). 

Due to the kitten’s small size and poor body condition, a 
gastrostomy tube was placed under general anesthesia via a 
left-sided grid approach immediately caudal to the 13th rib 
as previously described (9). A gastropexy around the tube 
was performed and the abdomen was lavaged with sterile 
warm saline (0.9% NaCl). The abdominal incision was closed 
routinely. A purse string and Chinese finger trap, using 2-0 
monofilament polybutester (Novafil; Syneture, United States 
Surgical, Norwalk, Connecticut, USA) were used to secure 
the gastrostomy tube externally (10). Over the next 4 mo, the 
kitten was fed warmed canned food through the gastrostomy 
tube and weighed daily. Dietary intake was gradually increased 
to deliver the daily basal energy requirements for growth. The 
gastrostomy tube was replaced 3 mo after initial placement, due 
to obstruction of the tube. 
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At 6 mo of age and a body weight of 1.5 kg, contrast angiog-
raphy was performed to determine the nature of the VRA. Pre-
operative packed cell volume was 0.35 L/L and total protein was 
66 g/L. Pre-anaesthetic sedation was achieved with hydromor-
phone hydrochloride (Sandoz Canada, Boucherville, Quebec), 
0.05 mg/kg body weight (BW), IM. Anesthesia was induced 
with propofol (Rapinovet; Schering-Plough Animal Health, 
Pointe-Claire, Quebec), 6 mg/kg BW, IV and maintained 
with isoflurane inhalant (Abbott Laboratories, Saint-Laurent, 
Quebec), 2% in oxygen. Normosol-R (Hospira Healthcare, 
Montreal, Quebec), 10 mL/kg BW/h, IV) and cefazolin (Sandoz 
Canada), 22 mg/kg BW, IV were administered intraoperatively. 
Analgesia was provided by a continuous rate infusion of fentanyl 
citrate (Sandoz Canada), 2 µg/kg BW/h, IV titrated according 
to the patient response under general anesthesia. Hypotension 
and bradycardia were managed with Normosol-R (10 mL/kg
BW, IV over 20 min), dextran-40 (Hospira Healthcare), 
5 mL/kg boluses to a total of 15 mL/kg, IV, ephedrine (Sandoz 
Canada), 0.05 mg/kg BW, IV, and glycopyrrolate (Sandoz 
Canada), 0.01 mg/kg BW, IV. Due to the patient’s small size, 
a surgical approach was made to the femoral artery. However, 
catheterization of the femoral artery with a catheter of a suf-
ficient size to perform a diagnostic study was unsuccessful. A 
non-selective vascular study was performed under fluoroscopy, 
using a cut-down to access the jugular vein and to administer 
iohexol (Omnipaque 240; GE Healthcare Canada, Mississauga, 
Ontario), 0.4 mL/kg BW (11,12). The study was consistent with 
a diagnosis of a PRAA. Buprenorphine (Vetergesic; Champion 
Alstoe Animal Health, Whitby, Ontario), 0.15 mg/kg BW, IV 
was administered post-operatively. 

One week later, the kitten was anesthetized for thoracoscopic 
correction of the PRAA. Preoperative packed cell volume 
was 0.347 L/L and total protein was 65 g/L. Sedation was 
achieved with hydromorphone hydrochloride (Sandoz Canada), 
0.1 mg/kg BW, IM. Anesthesia was induced with propofol 
(Rapinovet, Schering-Plough Animal Health), 6 mg/kg BW, IV 
and the patient was intubated and maintained with isoflurane 
inhalant (Abbott Laboratories), 2% in oxygen. Morphine sulfate 
(Morphine HP® 25; Sandoz Canada), 0.1 mg/kg BW in 0.2 mL 
of 0.9% NaCl, was administered by epidural injection. Cefazolin 

(Sandoz Canada), 22 mg/kg BW, IV, every 2 h and fluid therapy 
with Normosol-R (Hospira Healthcare), 10 mL/kg BW/h, IV) 
and 2.5% dextrose were administered. Glycopyrrolate (Sandoz 
Canada), 0.01 mg/kg BW, IV, fluid boluses (Normosol-R, 
Hospira Healthcare; 10 mL/kg BW, IV over 20 min) and 
dextran-40 (Hospira Healthcare), 5 mL/kg BW boluses, to a total 
of 15 mL/kg BW, IV were administered to treat intraoperative 
bradycardia (heart rate 103 beats per minute) and hypotension 
(mean blood pressure of 55 mmHg). Morphine sulphate (Sandoz 
Canada) was delivered by a continuous rate infusion, 0.1 mg/kg 
BW/h, IV. 

The patient was placed in right lateral recumbency and the 
left hemithorax clipped and prepared aseptically. Bupivicaine 
hydrochloride (Marcaine 0.50%; Hospira Healthcare), 2 mg/kg
total, IM was injected over the 3rd, 5th, and 7th intercostal 
spaces. Prior to thoracoscopy, the kitten was placed on positive 
pressure ventilation. A 6-mm cannula was inserted at the 5th 
intercostal space, mid-distance between the dorsal and ventral 
borders of the thorax (Figure 2) for placement of a 5-mm 
0 degree camera. A 2nd portal was made at the 7th intercostal 
space at the same level as the 1st portal (Figure 2) in order to 
insert a retractor. Small right angle forceps were used to retract 
the cranial left lung lobe, to visualize the great vessels. The 3rd 
portal was established at the 3rd intercostal space, slightly dorsal 
to the camera portal (Figure 2). A 4th portal was placed midway 
between the 1st portal and the dorsal aspect of the thoracic cav-
ity at the 5th intercostal space (Figure 2). A mosquito hemostat, 
introduced through portals 3 and 4, was used to bluntly dissect 
and isolate the LA. Then 2-0 Silk (Ethicon, Somerville, New 
Jersey, USA) was passed through portal 3, under the LA to 
exit through the same portal. This was used to retract the LA 
cranio-laterally away from the esophagus so that the mosquito 
hemostat could be removed. Sterile cotton-tipped applicators 
were used to control minor hemorrhage and perform fine blunt 
dissection during the procedure. When needed, the retraction 
suture was also passed through portal 4 to allow dorso-lateral 

Figure 1. A right lateral radiograph taken during an esophageal 
contrast study showed dilation of the esophagus anterior to the 
base of the heart.

Figure 2. Approximate location of the 4 thoracoscopic portals 
used for ligation of the ligamentum arteriosum during the PRAA 
procedure. 
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retraction of the LA. A 5-mm Liga-Sure vessel sealant device 
was introduced through portal 3 and the LA was simultaneously 
sealed and transected, using the silk suture to help manipulate 
the LA (Figure 3). The Liga-Sure was discharged twice in order 
to ensure complete sealing of the LA. Bands of fibrous tissue 
coursing across the esophagus were bluntly released using the 
hemostats and the Liga-Sure. A stomach tube was passed beyond 
the narrowed region of esophagus, to ensure all narrowing of the 
esophagus had been successfully released. The thoracic cavity 
and regions of transection were visually inspected for hemor-
rhage (Figure 4). 

A chest tube was placed with thoracoscopic visualization 
and intrapleural bupivicaine hydrochloride (Marcaine 0.50%; 
Hospira Healthcare), 2 mg/kg BW was administered. Each 
portal was closed in a similar manner: the muscles using 3-0 
polydioxanone (PDS*II, Ethicon) in a cruciate pattern, subcu-
taneous tissue with 3-0 poliglecaprone 25 (Monocryl, Ethicon) 
in an inverted cruciate pattern, and the skin with a 4-0 poligle-
caprone 25 (Monocryl, Ethicon) in an inverted cruciate pattern. 
The thoracoscopic procedure lasted 4 h and 5 min. 

Immediately after thoracoscopy, the esophagus was examined 
endoscopically. A large mass of hair was observed within the 
dilated region but not removed due to difficulty advancing 
the endoscope into the dilated region. Difficulty directing the 
endoscope through the dilated region of the esophagus pre-
vented passage into the distal esophagus, but the area appeared 
distended with insufflation. Hydromorphone hydrochloride 
(Sandoz Canada), 0.05 mg/kg BW, IM was administered on 
recovery from general anaesthesia, followed by buprenorphine 
hydrochloride (Vetergesic; Champion Alstoe Animal Health), 
0.02 mg/kg BW, SQ every 6 to 8 h for 36 h. The gastrostomy 
tube was left in place for feeding in the initial post-surgical 
period. The chest tube was removed 17 h after placement. The 
kitten regurgitated the mass of hair 4 d after surgery. 

Two weeks after correction of the PRAA, the stoma around 
the gastrostomy tube became painful and drained purulent 
material. Systemically, the kitten appeared normal. The kit-
ten was sedated with hydromorphone hydrochloride (Sandoz 

Canada), 0.1 mg/kg BW, IM. The gastrostomy tube was 
removed and a sample of exudate submitted for culture and 
sensitivity. The stoma was left open for 4 to 5 d while the 
infection was treated. Culture yielded 11 Escherichia coli and 
41 Streptococcus. The stoma was cleaned several times daily 
using 0.05% chlorhexidine solution and amoxicillin (N-Amoxi; 
McKesson, Richmond Hill, Ontario), 11 mg/kg BW, PO 
was administered every 12 h. Food continued to drain after 
eating, so 5 d after removal of the gastrostomy tube, general 
anesthesia was performed and the gastric wall was closed with 
3-0 polydioxanone (PDS*II; Ethicon, Somerville, New Jersey, 
USA). The subcutaneous tissue and skin were left to heal by 
second intention. 

Three days after thoracoscopic correction of the PRAA, small 
amounts of food were given by mouth. Regurgitation was not 
observed, except when associated with hairballs. A follow-up 
esophageal contrast study was performed 4 wk after correction 
of the PRAA. Rapid flow of the barium into the stomach was 
observed, with a residual dilation of the esophagus just cranial to 
the heart base (Figure 5). Despite some narrowing in the region 
of the PRAA, the contrast did not pool in the dilated region and 
the kitten had minimal signs of regurgitation. 

Four months after surgery, routine ovariohysterectomy 
and follow-up esophageal endoscopy were performed. Pre-
anesthetic blood work showed that values were within normal 
limits. Hydromorphone hydrochloride (Sandoz Canada), 0.05 
mg/kg BW, IV and acepromazine maleate (Atravet; Ayerst 
Veterinary Laboratories, Guelph, Ontario), 0.03 mg/kg BW, 
IV were administered. Anesthesia was induced with propofol 
(Rapinovet; Schering-Plough Animal Health), 6 mg/kg BW, 
IV, and maintained with isoflurane (1.5% to 2%) in oxygen. 
Glycopyrrolate (Sandoz Canada), 0.01 mg/kg BW, IV was 
given to treat bradycardia (95 beats per minute). Esophageal 
endoscopy revealed moderate dilation of the proximal esopha-
gus but some motility was observed. The dilated region of the 
esophagus was empty and no constriction of the esophagus 
was identified. The ovariohysterectomy was performed without 
complications. 

Figure 3. View of the retracted ligamentum arteriosum during 
placement prior to firing of the 5-mm Liga-Sure device. 

Figure 4. Assessment of the esophagus after ligation and 
transaction of the ligamentum arteriosum and removal of the 
narrowing bands of fibrous tissue. 
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Twenty-seven months after the thoracoscopic ligation of the 
PRAA, the owner reported that the cat was doing very well. She 
was eating a combination of Hills Prescription diet® t/d® and 
Medi-Cal® preventative formula canned food. She was fed twice 
daily from an elevated level. Dry food was fed in small amounts 
from floor level. She had not regurgitated for several months. 
Her weight was 2.4 kg at the time of follow-up. 

Discussion
Vascular ring anomalies are less common in cats than in dogs. 
Anomalies in dogs and cats include persistent right aortic arch 
with left ligamentum arteriosum, persistent right ligamentum 
arteriosum with a left aortic arch, aberrant left or right subcla-
vian artery, aberrant intercostals, and double aortic arch (1). In 
dogs, PRAA is responsible for approximately 95% of all reported 
vascular ring anomalies, and German shepherd and Irish setter 
dogs are at greater risk (1,3). From 1960 to 2010, there were 
20 reports of vascular ring anomalies in cats (2,4,6,8,13–27). 
Seventeen of these reports were PRAAs, 1 was a double aortic 
arch and 2 were left aortic arches. However, unlike dogs, no 
feline breed predilection has been determined, possibly due to 
the limited number of reports (1,25). Persians and Siamese, 
however, may be overrepresented (1). 

Medical treatment of a PRAA is unsuccessful in most cases 
and is associated with a poor long-term prognosis (1,6,28). 
Surgical ligation and transection of the LA is recommended, 
removing the esophageal constriction and resulting in improve-
ment of clinical signs, despite residual esophageal dilation 
(1,28). Surgical correction of the PRAA is performed through 

a left sided thoracotomy by ligation and transection of the 
ligamentum arteriosum (1–4,6–8,13,21,23,24). Any associated 
fibrous strands narrowing the esophagus are also transected. 
While this generally resolves the esophageal constriction and 
decreases the risk of complications associated with regurgita-
tion (such as aspiration pneumonia), the esophageal dilation is 
usually permanent (1,3,28). 

Surgical repair is generally recommended as soon as the 
VRA is diagnosed to minimize permanent dilation of the 
esophagus due to loss of neuromuscular function and peri-
stalsis of the esophagus (1). In this case, surgery was delayed 
due to the small size of the patient; however, this did not 
appear to complicate the clinical outcome of surgery. The lag 
time between admission and thoracoscopic correction was 
also related to a labour dispute at the Veterinary Teaching 
Hospital. Ideally, surgical repair of the PRAA would have been 
performed at the same time as replacement of the gastrostomy 
tube. 

A gastrostomy tube was used to manage the young cat until 
she was large enough to undergo the thoracoscopic procedure. 
The gastrostomy tube allowed basal energy requirements to 
be supplied, and progressive dilation of the esophagus was 
minimized by preventing oral feeding. Gastrostomy tubes offer 
immediate and long-term feeding solutions for animals, and 
can be maintained for weeks to months (9). In this case, the 
gastrostomy tube (Pezzer) was placed by an open technique. 
Percutaneous endoscopic guided placement was not possible 
due to the small patient size and the constriction present in 
the esophagus. 

Figure 5. A follow-up esophageal contrast study, performed 4 weeks after correction of the PRAA, showing residual dilation of the 
esophagus cranial to the heart base and rapid flow of the barium into the stomach. 
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Traditional thoracotomy procedures are invasive. Potential 
complications include pulmonary dysfunction, infection, seroma 
development, lameness, and post-surgical pain (8,13,29,30). 
Thoracoscopy has been gaining popularity in both veterinary 
and human medicine, due to lower complication rates (28–
33). Other benefits in both veterinary and human medicine 
include: decreased morbidity and post-operative pain, lower 
post-operative complications in high-risk patients, decreased 
pulmonary dysfunction and tissue trauma, shorter surgical time, 
decreased intra-operative hypothermia, and shorter recovery 
time (28–30,32–34). 

In veterinary medicine, thoracoscopy has been used for 
exploration with biopsies, partial pericardectomy, thoracic duct 
ligation, occlusion of patent ductus arteriosus, lung lobe biopsy 
and lobectomy, and thoracoscopic correction of a PRAA in dogs 
(28–31,35–38). The thoracoscopic anatomy of dogs has been 
previously described (34) and is similar in cats. To the authors’ 
knowledge, thoracoscopic ligation of the PRAA has not been 
reported in the cat. Slight modifications in portal location were 
made to allow for visualization of the LA. 

In this case, standard analgesic procedures were used pre- and 
intra-operatively. The patient was very responsive to minimal 
stimuli, but also sensitive to higher minimum alveolar concen-
trations (MAC) of isoflurane inhalant. Thus, a continuous rate 
infusion of fentanyl was used for its anesthetic-sparing effect as 
well as to help manage hypotension and maintain blood pres-
sure in the normotensive range during anesthesia. These effects 
have been previously described in cats, using alfentanil to reduce 
the MAC of isoflurane and improve the cardiovascular status of 
the patient under general anesthesia (39,40). Post-operatively, 
the patient was comfortable with buprenorphine analgesia for 
a total of 36 h. Buprenorphine, due to its partial mu receptor 
agonist activity, slow onset, and prolonged duration of action, 
has been described for management of mild to moderate pain 
in cats (41). In this case, buprenorphine was sufficient for the 
post-operative analgesic management of the patient. 

When performing thoracoscopic procedures, one-lung ven-
tilation allows for collapse of the contralateral lung, facilitating 
visualization during surgery (28,31). A bronchial blocker and 
endoscopic confirmation of the placement of the blocker is 
required for one-lung ventilation. One-lung ventilation was not 
used as the patient was too small for available bronchoscopy, 
an appropriately sized bronchial blocker was not available, and 
retraction of the cranial lung lobe allowed for satisfactory visu-
alization of the site. 

Thoracoscopy can improve visualization of the structures 
within the thorax due to scope magnification (29). In dogs with 
PRAA’s, thoracoscopy provides improved visualization of the 
constriction magnifying the fibrous bands narrowing the esopha-
gus and facilitating their complete removal (28). Subjectively, 
visualization via thoracoscopy was much better than would have 
been achieved with a small thoracotomy that a patient of this 
size would have allowed. 

One of the benefits of thoracoscopic procedures is to poten-
tially allow for diagnosis and treatment under 1 anesthetic pro-
cedure. In this case, a vascular study was completed to rule out 
less common forms of VRA’s and ensure that the correct surgical 

approach was performed. Due to difficulties with the femoral 
artery catheterization in the small patient, anesthesia was pro-
longed. Following the non-specific vascular study, the decision 
was made to recover the patient and perform the thoracoscopic 
procedure under a separate anesthesia. However, as surgical 
experience is gained, thoracoscopy may allow for diagnosis and 
treatment in 1 procedure. 

The main disadvantages of thoracoscopy include increased 
equipment expense and additional training required for the 
surgeon (34). In this case, the surgical time for the thoracoscopic 
procedure was 245 min. The time difference noted between the 
thoracoscopic procedure and traditional thoracotomy procedures 
was due to the learning curve associated with the thoracoscopic 
procedure and the small patient size. A complete exploration 
of the thorax was also performed. Placement of the silk retrac-
tion suture, while time consuming, facilitated elevation of the 
LA for positioning of the vessel sealant device. This could have 
been performed with hemostats, but it would have taken up 
limited space in this small patient. Other techniques that could 
decrease surgical time include use of a 2.7-mm scope, allowing 
for smaller cannulas and shorter working scope length. Use of 
arthroscopic instrumentation may also be beneficial. As surgical 
experience is gained, the time taken to perform this procedure 
will likely improve. 

Potential complications of the PRAA surgery and surgical 
ligation of the LA include hemorrhage, esophageal perfora-
tion, fibrotic bands that may remain across the esophagus, and 
post-operative pain (28). These complications can occur with 
either an open thoracotomy or with thoracoscopic surgery. If 
performing the ligation of the LA thoracoscopically, accidental 
penetration or perforation of the vascular structures or the lungs 
may occur (31). However, if complications occur during a thora-
coscopic procedure and better access is required, the procedure 
can easily be converted to a thoracotomy (31). 

In conclusion, this case report demonstrates that thoraco-
scopic ligation of a PRAA in a young cat of 1.5 kg is feasible 
and associated with minimal complications. In this case, 
thoracoscopy provided improved visualization via magnifica-
tion of the surgical field. Thus, size should not be a deterrent 
to performing the procedure. The benefits offered include 
improved visualization in small patients and potential use of 
this technique for diagnosis and treatment in one anesthetic 
procedure. 
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